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1. Introduction

Tedlar is a polyvinyl fluoride film produced by E. 1. DuPont de Nemours & Co. (Inc.) with a variety
of additives that can be introduced to produce different properties. The designation code of TWH is
for a white Tedlar film, and a TCW designation is indicative for a Cloud White version that has a
lower solar absorptance (is a whiter material). The full designation for these products, for example,
TCW?20BES3, identifies color, thickness, surface finish, gloss, and type of elongation properties.

Cloud White Tedlar with a multi-layer, thin-film coating on the surface applied by Optical Coating
Laboratory, Inc. (OCLI) is being investigated for a number of potential spacecraft applications. A

space environment exposure test has been performed on a variety of samples exposed to simulated

Low Earth Orbit (LEO) and Geosynchronous Orbit (GEO) conditions. The final portion of the test
was performed to represent 10-year GEO environmental exposure on a subset of samples from the

LEO test. This report addresses the samples exposed to GEO conditions.

The first portion of the test exposed the samples to an environment corresponding to five years at a
LEO orbit of 410 nmi and an inclination of 57°. All samples were removed for LEO solar absorp-
tance end-of-life measurements. The exposure then continued to 10-year GEO conditions (19,270
nmi) for the remaining samples. Solar absorptance at end-of-life for the GEO samples was then
measured.



2. Experimental

The Space Environmental Effects Chamber ( Figure 1) used to provide the simulation of the LEO and
GEO space environment contains a 2500-W xenon arc lamp for long-wavelength ultraviolet (UV)
(230—400 nm) and a 150-W deuterium arc lamp for vacuum ultraviolet (VUV) radiation (115-200
nm). Beam sizes are a nominal 10 in. X 12 in. for long-wavelength UV and 7 in. X 7 in. for VUV,
The UV beams have a uniformity within 50% but contain small central hot spots. The electron beam
is about 14 in. X 14 in. and is more uniform at about 10%. The beam energy is variable from 5 keV to
120 kV with flux roughly proportional to electron energy and a function of beam spot size (max. 1000
cm2). All beams are confocal. The chamber is turbopumped and cryopumped, and the base pressure
is currently 2 x 10 torr. The volume is roughly 400 liters with a sample table (12 in. X 48 in.) capa-
ble of temperature control from —150°C to +150°C, but kept at about 25°C for these tests. Comput-
erized data acquisition is used for chamber diagnostics, which include several temperature and elec-
tron flux measurements.

The sample arrangement in the chamber is shown in Figure 2. The larger area represents the
approximately 10 in. X 12 in. area covered by the xenon lamp. The area covered by the deuterium
lamp is about 7 in. in diameter so it does not illuminate all samples in the LEO exposure. The solar
cell is used as a diagnostic during the exposure to monitor the xenon lamp output. The Faraday cups
monitor the electron flux at several locations during the electron exposure. An Optical Solar Reflec-
tor (OSR) is present as a check for any contamination that might condense during the test and poten-
tially affect test results.
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Figure 1. The space environmental effects chamber.
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Figure 2. Test configuration for LEO exposure.

The electrons were added in the presence of Solar UV in the final stages of each exposure. The UV
was not started until the chamber pressure was in the low to mid 10 torr region. After accumulation
of 2554 equivalent UV sun-hours (982 h, at a solar intensity of 2.6 suns), electron doses were added
to correspond to a LEO orbit of 410 nmi at a 57° inclination. These fluences are based on predicting
the depth-dose electron profile in Tedlar for the assumed orbit using AE8 maximum predictions of
electron fluences. The best set of reasonable conditions using the set energies of the electron gun on
the chamber were chosen to match the depth-dose profile via a linear combination of multiple ener-
gies. The prediction curves are shown in Figure 3 for Low Earth Orbit Exposure and Figure 4 for
Geosynchronous Orbit. The electron exposures were performed starting with the highest energy first
and progressing successively to lower energies. The LEO test was performed with an electron current
of about 0.1 nA/cm®, corresponding to 6.25 X 108 electrons/s-cm?. This level is typical of the current
expected on orbit, although it fluctuates dramatically.
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Figure 4. Predicted simulation dose profiles and orbital dose profile for GEO orbit.

After 2917 equivalent UV sun-hours, (1122 h, at a solar intensity of 2.6 suns), the LEO electron
exposure was completed, and the LEO samples were removed. The UV exposure was then continued
on the remaining samples up to 4282 sun-hours (1647 h, at a solar intensity of 2.6 suns) while the
GEO electron dose was added. The GEO test was performed with an electron current of about 1
nA/cm? to more rapidly accumulate the desired fluence. This level of current could be expected on
orbit, although it fluctuates dramatically. Throughout the entire exposure, the deuterium lamp was
cycled on periodically (effectively 3.75 h per day) to accumulate approximately the same number of
equivalent UV sun-hours as the xenon source. The deuterium source has been estimated to have an
initial output of about 17 solar constants over its operating wavelength range, as compared to about
2.6 for the xenon source. The xenon source output is spectrally calibrated pretest using a calibrated
spectral radiometer. Relative intensity over the sample area is mapped with a solar cell.

The following method was used to obtain the solar reflectance, transmittance, and absorptance. The
Ultraviolet-Visible-Near Infrared (UV-VIS-NIR) diffuse hemispherical reflectance was measured on
a Perkin-Elmer Lambda-9 equipped with a 6-in. Labsphere, Inc. Spectralon-coated integrating sphere.
The reflectance measurements were made using a 240 nm/min. scan rate, 2 nm slit width, 0.5-s
response, with the scan range being 2502500 nm. The reflectance spectrum was background-
corrected and referenced to a NIST 2019d White Tile Diffuse Reflectance Standard. The sample
spectra were then normalized to the ASTM E490 solar air mass zero curve to obtain the solar absorp-
tance/transmittance.




paint sample also darkens, as expected from prior tests and from flight experience from the Long
Duration Exposure Facility, for example. This material is included as a control sample for the
exposure test. At the end of the LEO exposure, the changes in solar absorptance for the OCLI-coated
Tedlar samples have been measured to be ~0.05 or less. The values are different for different samples
due to the solar transmission of the 2-mil OCLI-coated Tedlar that is the outer layer of each sample.
The differing underlying layers resuit in different solar properties. The measurement data is
presented in Table 1.

The solar absorptance and transmittance data in Table 1 are consistent with the visual observations.
The solar absorptance of the OCLI-coated TCW20BE3 has increased significantly with the GEO
exposure (~6x over LEO). Again, the variations from sample to sample are due to effects of the
underlying layers. The post-test solar absorptance was lowest for samples MLI-21 and MLI-22 with
two underlying layers of Cloud White Tedlar (TCW). The most degradation appears to be for the
case with two layers of White Tedlar (TWH) as the underlying layers. Figure 5 shows the changes in
reflectance of one sample for the LEO and GEO exposures.

Table 1. Solar Absorptance and Transmittance Data

LEO

Sample# Pretestp Pretestt Pretesto| Posttestp Posttestt Posttesta Delta o

RDM 03 0.82 0.18 0.817 0.183 0.003
RDM 22 0.813 0.187 0.763 0.237 0.05
MLI 03 0.633 0 0.367 0.633 0.367 0

MLI 21 0.822 0.024 0.154 0.791 0.026 0.183 0.029
MLI 22 0.821 0.029 0.15 0.784 0.031 0.185 0.035
MLI 23 0.782 0.003 0.215 0.728 0.003 0.269 0.054
MLi 24 0.774 0.003 0.223 0.733 0.003 0.264 0.041
MLI 25 0.781 0 0.219 0.74 0 0.26 0.041
0.213 0.742
0.306 0.522
0.065 0.909

MLI 26 0.787
A 276 0.694
OSR 0.935

0.258 0.045
0.478 0.172
0.091 0.026

o O O
o O o

3. Results
During the exposure, photographs were taken periodically through the chamber viewports, and a short
video was taken through an overhead viewport each day. The uncoated White Tedlar (TWH) samples
were observed to turn brown during the initial LEO exposure to the UV. The Chemglaze A276 white



Reflectance, %

GEO
Sample # Pretestp Pretestt Pretesto| Posttestp Postiestt Posttesta  Deltac

RDM 03 0.82 0.18 0.818 0.182 0.002
RDM 22 0.813 0.187 0.523 0.477 0.29
MLI 03 0.633 0 0.367 0.633 0.367 0
MLI 21 0.822 0.024 0.154 0.547 0.019 0.434 0.28
MLI 22 0.821 0.029 0.15 0.543 0.012 0.445 0.285
MLI 23 0.782 0.003 0.215 0.469 0.001 0.53 0.315
MLI 24 0.774 0.003 0.223 0.458 0.001 0.541 0.318
MLI 25 0.781 0 0.219 0.494 0 0.506 0.287
MLI 26 0.787 0 0.213 0.491 0 0.508 0.296
A 276 0.694 0 0.306 0.378 0 0.622 0.316

OSR 0.935 0 0.065 0.904 0 0.096 0.031
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Figure 5. Reflectance curves for coated Tedlar sample.
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4. Conclusion

The OCLI-coated Tedlar seems to be very stable for use at LEO orbits compared to other white
thermal control materials. The End-of-Life for Ultraviolet exposure only was 0.22 and with LEO
electron exposure, 0.24. The Low-Alpha coating reflects the Vacuum Ultraviolet radiation and
prevents darkening of the underlying Cloud White Tedlar that would occur with solar radiation. The
change in solar absorptance of 0.47 for the GEO exposure of the OCLI-coated Tedlar (0.47) was
larger than expected. . A plot of the change in solar absorptance as a function of exposure is shown in
Figure 6. For GEO orbits, the amount of degradation should be assessed in order to determine
whether this effect results in unacceptable temperature at end-of-life conditions. Future work will
involve the modeling of the plasma environment present at GEO and the laboratory simulation of this
dose together with the trapped electron environment. Low-energy proton effects are also being
studied.
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Figure 6. Solar absorptance degradation curve for coated Tedlar sample.




The following are the Charts for the Poster Presentation of

Space Environmental Stability of Tedlar

with Multi-Layer Coatings:

Space Simulation Testing Results

Dr. Wayne Stuckey
Dr. Michael Meshishnek

Space Materials Laboratory
The Aerospace Corporation
El Segundo, CA

8th International Symposium on “Materials in a Space
Environment”
Sth International Conference on “Protection of Materials
and Structures from the LEO Space Environment”

Arcachon, France
June 8, 2000

11




suoneJadg Aldojedoqe
AJojeaoqeT sjeliaje areds

E >
30vdsouav IHLA

000¢ ‘g sunf
adue.4 ‘uoyoeday

«JUBaWIUoJIAU7 3deds 031 9Y) WO.) S3INIINJIS
pue sjeLIajep JO UO01}I9)0.d,, UO 3IUIIIJUO0) |[PUOIIRUJIDIU| YIS

«JUSWUO.IAUT 9dedS e u] s|eluaje,, Uo wnisodwAs jeuoijeudajul yig
V) ‘opunbas |3

uojpjedoddo) Idedsouay Iyl
Alojeuaoqe sieladjep adeds

12

AUYSIYSIN [9BYIIN "ad
AIN)S auAem “aq

S}Insay HBusa] uonejnwis adeds
:Sbuneo) JAe1-n N
UM Je|p3] JO A}ljiqe)s [ejudwuoJdiAug adeds




suojjeaadg Auojedoqe]
Adojeaoqe sjelialen areds

NOILYHOJdHOO
JOVdSOH3VY 3H.1L ¥

salnyonuls

ajqejejjul 10} swijiy ;owihjod Jo uonenjeas .
awiop Josuas |eanndo jo Bunsa) uoneipey .
Sawopel pue spajue|q

1IN 10} s1swiAjod pajeod Jo uoneipeds|

NOLLVZITILN

13

sjuawadinseaw sajuadoud jeando
uoljeipeall uojoud

uoljeipelll Uo4}od|a pue }a|0lARIY N JB|0S
Bujsa) wnnoeA-jewtay

Buijapow uojeipes sy1vads 1qi0

S3lLNigvdvO

Bulsa] sjo9)3 jeluswuodinug adeds

- S B e e




NOILLYHOdHOO s
3OVdSOHIV FHL

suonedadg Aldojedoqe]
Adojeaoqe sjeiaj)en asreds

MOIA
uo-pus

110}

0L X € :3unssaid aseg
mmr {eaJe uoneipeds)
a|dwes —
a|dnoosouniay) .

MIIA
apis

dnQ Aepesey

suojo.d
A 0S-0

by 19j01ARIN
wnnaea
cq o
SINEETE]
A 02-}

e/

suono9d
AMOCL-S

Wby
ajoiaeyn

N1 n.&&s

wn
K10

Q@ —

<

gIawed
03pIA

m:o.::uoou

ohnﬁ uo 4 01

wop || @9ues © O <
nxa/Aius siajeay
utm:v

uojo.id

u
{e0anos ,
13(01ALN) duind %
Jojejnwis Jejos Hou““ S
dweq
21y uouay
4

unb
04)09)]

unB

dwej j9j01ABI N WINNDEBA
wnpanaq 1o
unb uoujode AN 0Z - |

Jaquiey) )s9] S)I37 JusawuodiAug deds

14




E \
FOVdSOH3AVY IHLA

suopedadg Adojedoqe]
AJojedqoqe sjelad)e asreds

)

siyBiapm pee

sdn) Aeperey

A

Y

Y

15




I'w 02 ‘€3802MO.L Je|ps 10} 8jljold Yideq esoq uoios|3

I ) _ T T 1 T — 1 T L T _ 1 T L] T

— ——— —
NOLLYHO4LOO [y suojpeladg Alojeaoqe]
A0VdSOH3V IHL Adojeuoqen sjeliaje sreds
sjiw ‘yidaq
0C Gl oL G0 00
1 1 1 1 _ 1 i 1 i _ 1 = 1 ] L _ - 1 1 1 1 _
- = 00S
] — éffa
) WNS 3s0a — ?;F: .
(ST L) A®Y 01 9SO - Tl
1| (S13v1) ASY 0z esoq - | b,
1 | 13 98) Ao SEesOQ - - 'y
- (513 6°1L) A®Y 0G5 @50 -~ N Y - Tl 0001
4 | (513 €€) A8 001 8S0Q —— S
| 039 esoq — s: 8
: ; : 1 =
i J ™
Q
n (7]
et e et e e e ea e e o e oo ] h _ ...... 00S1L
i 2wo/513 G510°6 mocm:_“_ uo.o8|3
0°€ A S1l ©poD XV 83V :[9PoN
i (03D) 0/WU 0L2°6) 18 SIBBA O}
e bt e a L e ee e oo et b e R et et e bt e et ae e £ 1At £ SaEae e R et e s Ra At e s ns e eena s e seseAnan eassseseteeae s eeemeee et 1t eeeeeeane e s et eeeatasaseseeees s eeeeeeeheeeere s ee e e eee s es e e emeeeee e s e e e s erereseeene e oo 0002
1 |

31910 QD) 0] dfyoad IsSop [€)1q10 pue s3IJoad ISOP UONR[NWIS PIJIIPII]

16




ZO_._.<EOn_E00 @
IDVdSOHIV IHL

suone.dadQ Adojedoqen
Adojeaoqen sielrajey adxeds

14

sjiw ‘yidag

) 8 o't S0 00
1 1 1 1 _ 1 1 i 1 _ 1 1 1 1 _ 1 1 1 1 _ c
TrimraLlg AL - H
fall - i
- h H
- A , :
- : 1, ' H
- S - 4 HE o
. -, 1", P
[N L ' -
< ~ -
. L ' H
- * M I ~F
| . - 1 GRS
- o "
., .ne
. ' N
- - ~ %
~ [ H
- -I-.F _\.ﬂ -
. o
. - [}
- = -
- B [
- Sie2 Teal B ' Lo
Vo -

WNS 3s0q —

(€13 ¥°2) A®M 001 @80Q ——
(€13 G'1) A®Y 0G @soQq -~
(213 v9) Aey Ge esoQ ----
(€13 2'1) NeX 02 @soq
(213 g'8) A8 0L~ @s0(Q

0/G/0}y 8s0Q ——

ZWo/E 13 G2'9 :90usN|4 UOJOST
0'€ A S1l :8poD XV 83V :[ePOW
oLG/IWUU O |7 18 SIBOA §

lw 0'2 ‘€3802MO.L Je[pa L 10} 8jljoid yideQg asoQ uoios|3

spel ‘esoq
17

11qI0 O] 10] djoad asop [eyqao pue saqijoxd _mmc_c

T T _ T T T T — T T T T

uone[NuIS PIJIIPAIJ

FE T @ B e




suoneJadQ Aaojedaoqe
Alojeuaoqer sjeriajepy areds

ZO_F<EO&EOO @
FOVdSOHAV THL

1S9, JO puy 1S9, JO Suruuidog

sydeJaboloud

18




NOLLVHOJHOO 13 . suone.Jaadg Alojedoqe
IOVdSOoH3V JHL AlojedaoqeT sjeliaje asreds

wu ‘yibuajanep .
00Se 000¢ 0061 000} 00S

1 1 i 1 _. 1 1 L 1 _ 1 1 1 1 _ 1 1 L 1 _. L ] o
] SU0J108|3 OIO+AN 1S8NS0d ———
] suolod(3 O3 1+AN 1s8lisod —
. 1881904 ——

Il[l'llllIII]I'IIIliIIlllII]I

0c

!
- o P
. o
- (2]
4 &
- =
. (v
] o
] S
-II- ............................................................................................. .I|I oo
] — 08
[ ez aIdWeS 10} SoAIND SOUEBLEY -
T ¥ L) 1 m T T L} 1] m L) 1) T T L] T T L] —m 1 L] OOF

djduwieg Je[Pa ], PAIE0)) J0J SIAIND) IUBIIINJNY

19




suoneJadg Alojedoqe

H0
9.2 Vv
92-1TN
SZ-1TKW
Ye-1N
€2-1TN
[AAIRI;]
L2-1TIN
oc-Inw
6L-1TW
8L-ITW
LN
9L-1TN
ST
YW
EL-1TIN
ZL-1TN
LL-1TTW
OL-1TWN
60-1TIN
80-1TW
LO-1TN
90-1TN
SO0-1TN
vO-1TIN
€0-1TN
NL1NWO3
¢c-NayH
L2-Wayd
02-Wad
6+-WQY
81-Nay
L1-NQyd
91-Way
SL-Wad
vi-Nay
€1-Way
ci-nad
Li-NaY
0l-WQay
60-Wad
80-NaYH
40-Way
90-WaY
S0-nay
¥0-Wad
€0-Way
¢0-Nay
10-Way

wa

NOILVHOJdHOD
30VdSOoH3V IHL Adojesoqe sjepiajeny adeds
9¢0°0 160°0 0 6060 $90°0 0 GE6'0
[ZAN0] 8iv'0 0 22s’0 90€E°0 v69°0
Sv0'0 8620 0 evi'o €120 ¢} 48470 Ui0[2 WLIdS Yim ‘1ejpe) MO Pejeodun Jo siehe) jiw 2 - g :S1aAe Jeuu) - Jejpe €380CMOL P8IE0D-700 W g £€3802MOLNT100
340N 920 0 vL0 6ie0 0 FBL70 WO WUOS yitm ‘Bjpat MO Pajeodun jo sieel w g - 2 :s1eAe Jeuuj - se|pe| £3802MOL P8je0D-100 1w 2 £3802MOIL/IN00
iv0°0 v92'0 €00°0 €E€L0 €220 €00°0 viL°0 UI0J0 WHIDS Uim “JEPaL MO Pejeodun Jo siehe] W g - 2 :SieAe Jeuu| - Jejpe) £3802MOL P8IE0D-100 W g £€3802MOL/IND0
vS0°0 692°0 €000 82.°0 S12°0 €000 ¢8L'0 UI0|0 WS ynm ‘JejpeL MO pejeodun Jo siehe| W Z - g siake seuu) - Jejpay €3802MOL P8IB0D-100 W g €3802MOINT00
SEO'0 S81L°0 LEO'O ¥84°0 SL°0 6200 L1280 WI0|9 WDS Uim ‘Jejpaf MO P8ieodun Jo siehey iw g - g :SieAe Jeuu - Jejpey £€3902MOL PEIeCD-100 W g2 £3802MOLIN00
620°0 €810 9200 162°0 ySE0 $20°0 228’0 UI0I0 WIDS UM “JBIP3L MO Peleodun Jo siehe| 1w 2 - g :sieAen Jeuu| - JeIpe) £380ZMOL Pejeod-100 W 2 £3802MOLIND0
9200 92€'0 vL9°0 €0 L0 wjlg Jepe) ESESIHML
2200 9€€'0 ¥99°'0 viE0 9890 wil4 Jejpa) €S8SIHML
€€0°0 9ve0 vS9°0 €ie’o 289°0 w4 Jejpe) €S9S1HML
€0°0 CEE'0 8990 ¢0g'0 8680 Wiy Jejpay €S8SIHML
L2c0'0 9¢e’0 vi9'0 6620 L0L°0 w4 Jejpsj £S9SIHML
¢9€’0 8€9°0 w4 Jejpay ESHSIHML
€€0°0 €vE0 L89°0 LE0 69°0 wil4 sejpey €S8SIHML
610°0 veEE0 899°0 SL€°0 S89°0 w4 Jejpa) €S89 1HML
9200 YE€'0 9970 VIED 989°0 wjl4 Jejpel €S8SIHML
€£€9€°0 LES'O wjl4 rejpe) €S8SIHML
Wid rejpsi £S8SIHML
19170 625°0 LLY'0 89€°0 0 cE9'0 w4 tejpaj ESESIHML
19170 425°0 €Lv°0 99¢€'0 0 YE9'0 wil4 Jejpe) €S8SIHML
S91'0 2ES0 89%¥°0 19¢€°0 0 £€E€9°0 wit4 Jejpe) €S8SIHML
¥SL0 1250 6.¥°0 L9E0 0 €€9°0 wil4 Jejps| £SESIHML
S0 150 €8v°0 L9€E°0 V] €€9°0 wit4 Jejpal ESHSIHML
0 69€°0 LES'O 69€°0 0 LE9'O Wity Jepe €S8S1HML
0 L9E°0 €€9°0 L9€°0 4] €E9°0 wily§ Jepst ES8SIHML
Wweo (182eyod/£380eMOL/1T00 €380ZMOLIT00
S0°0 LETO €940 L81°0 €180 B{ULIM/M BwopeY - Weo4 ||8deyOH/€38902MOL/ITO0 £3802MOLIN00
vS0°0 Eveo L82°0 6840 118°0 BPULM/M ewopey - Weo4 ||8dBYOoH/E30ZMIL/ITO0 £390eMOL/1T00
6¥0°0 LECO £00°0 992°0 ¢8lL'0 €00°0 Si8’o BWopeY [04U0Y - Weo4 ||80.YoH/£380ZMOIL/IND0 €380cMOL/1N00
8v0°0 6220 £€00°0 89.°0 L1810 €00°0 9180 Bele pe|qqng - swopey 7| - Weo4 |j8oBYOH/EIB0ZMOL/ITO0 €3802MOL/17100
vv0'0 §22°0 SLL0 18170 6180 Bole pojqqng - swopey 7] - Weo4 [[89BY0H/£3802MO /100 €3802MOL/IT100
cS0°0 SEZO G92°0 €81°0 4180 pebeweq - Jajua) swopey N7 - Weoy 1183BYOH/E3A0ZMOL/IND0 £€390Z2MOL/1N00
6v0'0 LETO 69L°0 [4: 391} 8180 pefeweq - 18ue) swiopey (] - WeO [|99BYOR/EIF0ZMOL/ITO0 £380eMOLIN00
Lv0'0 9220 v.L'0 S81°0 Si8°0 peBeweq - 19lue) auwiopey (V7| - Weoy 1189BYOH/E3802MOL/ITO0 €3902MOL/IT00
vv0°0 €20 LL0 981°0 vigo epjuuM/M swopey - weoy [|83eyoH/E3F02MOL/ITD0 €3902MOL/I1T00
S0°0 LETO €94°0 L840 €180 SPjuLiM/M Bwiopey - weod [|e0BYoH/E3502MOIL/1100 €3890ZMOLIN00
LY0°0 8220 cLL’0 1810 6180 i8e awopey N - weod [|93BYOH/EIF0ZMIL/NTO0 €3802MOL/1N00
6€0°0 220 820 i8L’0 6180 48jue) swopey N - weo4 [|83_YOH/EIF0ZMOLITO0 €3890ZMOLUIN00
6v0°0 6420 100 LE2'o €¢0 2Lo'o 8G.°0 yded awopey | - weod jledeyoyd/£390ZMILNTO0 £€3902MOL/NN00
¥g0'0 €620 L0°0 2690 6220 vio'o LSL°0 ydjed swopey N - Wee4 [|I82BYoH/£3802MILNT1D0 £3902MOL/IN00
¢s0'0 8€2°0 €000 6640 9810 €00°0 1180 48wio) suwiopey (V| - Weod [1828Y0H/£3802MOLATO0 £380eMOL/1N00
S0'0 2e20 892°0 c8L'0 8180 abp3 ewopey ) - weod ||eoeYoH/EIF0ZMIL/ITD0 £€3902MOLNT00
6v0°0 SE20 S92°0 981°0 vigo 18jus) swopey N7t - Weo4 [|8deyoH/e380ZMOL/IND0 €390ZMOLIT00
1S0°0 ¢ezo 89470 1810 6180 isjued awopey N7 - weo4 [|89BYOH/EIF0ZMIL/ITD0 €380ZMOLIN00
0 ¢80 8180 ¢8L 0 8180 Jajue) awopey ) - wWeoy ||90eYoH/E3H0ZMILIAI00 €390Z2MOLN100
€000 €81°0 L18°0 810 28’0 i8jus] swopey N7 - weoy ||8deyoH/e380ZMOL/IN00 €3902MOL/1N00
€00°0- L4410 2000 1280 810 2000 8180 18jue] swopey N - Weo (|8e|oH/£3F0ZMIL/IT00 £€390ZMOLNT00
200'0- 18L°0 2000 L18°0 €810 2000 G180 lejue) ewopey N} - weod ||90eYoH/E3F0ZMOL/IT1D0 £3802MOL/1N00
Lv0°0 L2z o y00°'0 69.°0 810 v00°0 9180 weod |{32eyod/e3902MOL/ITO0
T EIRY EISINS0d ¥ 159N50d T 1SINS0d € 15319 § 1S319Id T 5319id USTIATIS%ag TSTISTEWIFIND

Od'1 103 Bie(q 20ueNIWUSURL], pue 9oueldIiosqQy Ie[0S

sjowYs

20




suonedadQ Auojedoqey
AJdojeuaoqen sjeliajepn adeds

NOILYHOJHOO p

FOVdSOHIV IHL

(HSAN3) sinoH ‘awn} ainsodxy

000S 000v 000¢ 0002 000} 0
— L2 a1 s 4 3 3 _ PEIT IR T T W NN SN R T 1 121 3 3 1 4 — U S N N B SEEE W S _ 12+ 1 5 3 3 _
] ¥8Y°0 = 8140 pu3 ‘AU BIEQ AN 10} 114 SAIN [EfUBLOGXT] I
— — S€°0
— — 0v°0
. L 74
i L =
8
— Lo &
o L (7]
i L 9
. L =
(v
- . . . . . . . - . U -+~ 0S°0 ]
- : — S5°0
] [
— 9/2-v ojdwes |jonuon ‘— 090
1 m 9s0( uo4109|3 O3D/03J1 snid AN 1S9 @insodx3 Jejpa] 3
i ® |

_-..._...._..-.__..—_-..._...__.-.._...._--._...._

9oueldJosqy .Jejos 9)z-v

21




suopedadQ Au0jedoqe
Alojeaoqen sjeridjen asreds

NOILVHOdHOD (7
3OVdSOHVY IH.L R

(HSAN3) sinoy ‘awi) ainsodx3z

0005 ooov 000¢ 0002 0001 0

— J I W S NN SN SN SN G _ j S S N S U S N S | _ [ S WS N NN S S SN _ Ly 3 1 1 1 3 9 — U SN WS T VY AN DU S 1 _
E £INaY eldwes awopey - 610
. ainsodx3 uoi1oa|3 O3 + AN 181 ainsodx3 Jepa | L
- ~ 020
~ C o
. - o
] r o
7 2120 = 817 J0 pu3 *Ajuo elep AN 4o 14 [enusuodx] O
] | : g
Z °
] ® - 5
] ® C )
.Il .................... .rl. NN.Q
- - €20
m © m
= - v20

_...._-..._...._...._.-_uu_-_-_-.-_-_-_-q.-_--—

(031) 9@due)duaosqy Jejos Je|pa)l pajeo)

22




suopetadg Adojedoqe]

NOILVHOJHOD I
3OVASOHIV IHL A AsojesoqeT sjeriajey adeds
(HSAN3) sinoy ‘euny
000% 000¢ 000¢ 0001 0
1 i _ 1 1 i 1 1 1 1 1 i _ 1 1 1 1 1 1 1 1 1 “ 1 1 1 L i 1 1 1 1 _ 1 1 1 1 I 1 1 1 1 _ T
N ®L
] o ® - 0eo
i ® ® @ - L
] _ SU0J19973 Om._+>& @ I
- : — G20
1 - 3
J r >
. L o
[7]
] [ ee0 B
- =~ =3
N | [v]
(4]
— S ) ALY
_ ' — S0
i 22 awopey U0 Suo.o8|3 + AN i
O] Wco:om_m 035+AN eleq 1se] ainsodx3 Je|pa] i

(039) 9dueidiosqy Jejos Je|pa]l pajeo)

23



suoneJtadg Adojedoqe]

NOILYHOJdHOO 73
AJojeaoqer sjeliajep adeds

3OVdSoH3V IH.L N4

A 0319 o
vZo 031 e
¢cco AlUQ AN o
9J17J0 puy e«
810 9J17JO bujuuibag e

Weo4 9)lYM Uo Je|pd] UM PNnoj) It Z J0) sdNjeA |edidAL e

9oue)d.aosqy Jej0os SaSea.dul uoneipey uoJd}dd|y e

uoljeipey Jejos wo.j uoljepeabaq
0} A)ijiqe)s apiaoad sbuljeo) J11)29131Q JIART-INN

uope|pey 39j01ARHN
JeJOS WOo.ly S9seaJdu| Jejpaj pajeodun Jo asueldaosqy Jejos e

Adewwnsg

24




TECHNOLOGY OPERATIONS

The Aerospace Corporation functions as an “architect-engineer” for national security programs,
specializing in advanced military space systems. The Corporation’s Technology Operations supports the
effective and timely development and operation of national security systems through scientific research
and the application of advanced technology. Vital to the success of the Corporation is the technical staff's
wide-ranging expertise and its ability to stay abreast of new technological developments and program
support issues associated with rapidly evolving space systems. Contributing capabilities are provided by
these individual organizations:

Electronics Technology Center: Microelectronics, VLSI reliability, failure analysis,
solid-state device physics, compound semiconductors, radiation effects, infrared and CCD
detector devices, data storage and display technologies; lasers and electro-optics, solid state
laser design, micro-optics, optical communications, and fiber optic sensors; atomic
frequency standards, applied laser spectroscopy, laser chemistry, atmospheric propagation
and beam control, LIDAR/LADAR remote sensing; solar cell and array testing and
evaluation, battery electrochemistry, battery testing and evaluation.

Mechanics and Materials Technology Center: Evaluation and characterizations of new
materials and processing techniques: metals, alloys, ceramics, polymers, thin films, and
composites; development of advanced deposition processes; nondestructive evaluation,
component failure analysis and reliability; structural mechanics, fracture mechanics, and
stress corrosion; analysis and evaluation of materials at cryogenic and elevated
temperatures; launch vehicle fluid mechanics, heat transfer and flight dynamics;
aerothermodynamics; chemical and electric propulsion; environmental chemistry;
combustion processes; space environment effects on materials, hardening and vulnerability
assessment; contamination, thermal and structural control; lubrication and surface
phenomena.

Space and Environment Technology Center: Magnetospheric, auroral and cosmic ray
physics, wave-particle interactions, magnetospheric plasma waves; atmospheric and
ionospheric physics, density and composition of the upper atmosphere, remote sensing
using atmospheric radiation; solar physics, infrared astronomy, infrared signature analysis;
infrared surveillance, imaging, remote sensing, and hyperspectral imaging; effects of solar
activity, magnetic storms and nuclear explosions on the Earth's atmosphere, ionosphere and
magnetosphere; effects of electromagnetic and particulate radiations on space systems;
space instrumentation, design fabrication and test; environmental chemistry, trace detection;
atmospheric chemical reactions, atmospheric optics, light scattering, state-specific chemical
reactions and radiative signatures of missile plumes.

Center for Microtechnology: Microelectromechanical systems (MEMS) for space
applications; assessment of microtechnology space applications; laser micromachining;
laser-surface physical and chemical interactions; micropropulsion; micro- and
nanosatellite mission analysis; intelligent microinstruments for monitoring space and
launch system environments.

Office of Spectral Applications: Multispectral and hyperspectral sensor development;
data analysis and algorithm development; applications of multispectral and hyperspectral
imagery to defense, civil space, commercial, and environmental missions.




